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ABSTRACT

A Fortran computer program has been developed which ana-
lyzes a nonlinear material to determine (a) the range of IR wave-
lengths that can be converted in a phase matched (PM) process,
(b) the PM orientation of the wave vectors for critical and non-
critical PM, (c) the angular aperture for PM conversion, and (d)
the maximum number of resolvable lines for image conversion.
These characteristics are determined as a function of mR wave-
length for a given pump wavelength, pump radiation divergence,
and length of nonlinear crystal.
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A COMPUTER PROGRAM TO ANAl YZE OPTICAL PARAt"TRIC
UP-CONVERSION PROCESSES IN NONLINEAR CRYSTALS

INTRODUCTION j

Infrared (IR) light can be up-converted to visible light, via a parametric process, in
crystals which have a nonlinear susceptibility (1-3). In the second-order processes con-
sidered here, IR light of frequency wIR is mixed with intense light of frequency op,
called the pump light. The result is signal light of frequency ws = wZR + cP. For the
process to be efficient, the crystal must be transparent at the three frequencies involved,
and momentum ,nust be conserved; i.e., the process must be "phase matched" (PM). A
process is PM if the diroctions of propagation In the nonlinear crystal for the three fre-
quencies of light can be found such that the signal wave vector equals the sum of the pump
and IR wave vectors, i.e., (kp + kzR) - LS = 0.

Givn a nonlinear crystal, it is necessary to find the range of IR wavelengths that
can be up-converted in the material and to find the characteristics of the up-conversion
process as a function of the ZR wavelength. Up-conversion of IR to the visible necessi-
tates the use of an Intense source of laser light as a pump whose wavelength is near the
long-wavelength edge of the visible spectrum. Once the wavelength of the pump source
has been specified, the range of wze for PM up-conversion can be determined. Then for
each set of frequencies cp, &zR, and ws, the orientation of the crystal with respect to
the wave vectors that gives a PM up-conversion, i.e., the phase match angles, can be
found. In each case the wave vectors can be either collinear or noncollinear, and both
situations must be considered. Also, if the ZR to be up-converted carries spatial infor-
mation such as an image, one must determine such things as the acceptable angular ap-
erture for PM up-conversion, the resolution limit* forthebeamdlvergence of a given
pump, and the orientation #hich maximizes the angular aperture. Further, all of the
characteristics of P PM up-conversion process must be calculated as a function of ,

the IR frequency.

Finding the PM angles and other characteristics of an up-conversion process means
solving transcendental equations. To obtain any desired accuracy the complete analysis
is beat done on a computer using an iteration technique. This report describes a Fortran

rV program wlich does that analysis. The characteristics of the nonlinear crystal nec-
essary for the analysis are Its limits of t .nsparency and its refractive indexes as a

function 0-f wavelength.F
The next section describes the mathematical basis of the calculation. This is fol-

lowed by a description of the program itself and two appendixes which give a listing of
the program, sample Input data, and the corresponding output.

MATHEMATICAL FORMULATION

The requirements for PM up-conversion (4) are

and

*The resolution limit considered here Is the particular case of an ectreme multimode pump source

with the IR Image and pump source optically at infinity with respect to the nonlinear crystal. See,
for example, 'Ut Image Optical Parametric Up-Conversion," RLA. Andrews, IEEE J. Quant. Electr.,
Jan. 1970.
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"P + kt = ks (2)

where the subscripts P, IR, and S refer to pump, infrared, and signal, respectively, and
k is the corresponding wave vector. For a crystal of length L, PM up-conversion takes
place aa long as

Ak aIAkI = Ikp + kZ s - ksl - (3)

where for convenience we assume that Ak is measured along the direction of ks as
shown in Fig. 1. In general, the orientation of the nonlinear crystal for PM up-conversion
is given by the solution to the following equation:L'(p,'Op) ni(WIR.OIR) 1 nk(-sWOS)

Aki cos secp - = 0 (4)

where

= angle between kp and kzR

p a angle between k and ks

e? = angle between the Z-axis and ke(f P. IR, S)

i, j, k = 0 or E for extraordinary or ordinary polarization

It is assumed that the parametric process is confined to the yz plane, where x, y, and
are the optical axes of the nonlinear crystal, and r is the optical axis for a uniaxial

crystal. However, the crystal may be optically biaxial; therefore

RI
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Fig. I - Crystal geometry for
up-conyersioi from infrared
to visible wavelengths
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O(oi,G) = l k( ,) (5)

and

.in
2 e C.O 1/2

where n,, ny, and n, are the refractive indexes for light polarized along the x, y, and
z directions.

Solutions to Eq. (4) and, in particular, collinear up-conversion (On p = o) represent t.
examples of critical phase matching. The noncritical phase matching (NCPM) solution
(Ref. r) requires that

(a k 8 ')a1 = 0 (7i [a (ee, ,)/a, o 7

The crystal has finite length L and up-conversion will take place whenever Ak < 2F/L.Hence, for a fixed pump beam direction, there will be a range of values of . for which
IR light will be up-converted. This range defines the angular aperture a for kzt and isdefined by all values of o such that for a fixed value of sp,

Ak( 16,oe) < 2 f/L (8)z

or
== I,- =! (9)

where

JAk(.0,,6p)j = 2,,/L. =<

Ak(ooep) = 0,

a IfT is the angular aperture inside the crystal. Outside the crystal,

"Ex in oin'tnJ(ip. S ll n - sin-'nj(n. + 02) &in 021 (10)

In this manner, each PM process can be characterized by the width of the Ak(j) vs 0
curve with ap fixed. Hence, the half-widths are defined as

.00 - 01 (11)

and

H2 00 - '0 (12)

The pump radiation always has a finite divergence, and hence the PM angles are not
well defined. Variations in ep will give PM up-conwrsion for different values of 0;
hence the angular ape'ture is increased. The diverg nce a of the pump radiation inside
the crystal is, however, less than that outside, i.e.,
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AINT - AEx/?((13)

where is some average index of refraction.

The maximum angular aperture is obtained with NCPM. The aperture is the greatest
if, in this case, Eqs. (4) and (7) are solved with Ak = -2,,/L. This technique is discussed
by Warner. However, a larger angular aperture does not always guarantee better reso-
lution. To determine resolution, one must find the change in 0 that will cause a variation
in as Just equal to the width of as values caused by the divergence of the pump radiation.
A variation In 0p due to a divergence of A causes a change in as of

Y= A+ sin-"[jr sin (0.- A)j s sink sin (14)ks I ks

This change in as is equivalently produced by a change in o (with op fixed) of

£ - snI sin [A + sin" (_ +.sin )] (15)

Hence, the number of resolvable lines of Im is equal to

R azNT/£ (16)

GENERAL DESCRIPTION OF THE PROGRAM

The program is written in Fortran IV language and, in the form given in Appendix A,
has been run on a CDC 3800 computer. Input to the program is minimal and is on
pinched cards.

* or each material to be inalyzed, it is first necessary to fit dispersion data to a
Selmeler equation of the form

2 =.A + SI/(, -.X2)_ DjA2 . (i xy, Z) (17)

(The program can easily be modified to use any other dispersion relation by modifying
the function FIN (W, 1), which is given In Table 1.) Besides the constants A,, Bi, ci,
and Dj, it is necessary to supply the upper and lower wavelength limits of the transpar-
ent region of the crystal, the length of the crystal, and the range of values of the pump-
source divergence to be considered. This information is given on a set of four data
cards for each material. The required format is given in Table 2. The first data card
gives the number of materials to be analyzed. Data cards 2 through 5 are repeated for
each material. The symbols used for the data are defined in Table 3.

Pump wavelengths of 0.6943 g and 1.06 p have been selected, since they lie in or
near the red part of the spectrum as discussed above, and intense laser sources are
readily available at these wavelengths. The program analyzes up-conversion processes
in which all three wavelengths lie in the region of transparency. The IR wavelength is
scanned from the lower wavelength limit of transparency upward in equal increments on
a logarithmic scale. The interval is determned in statement 10 of the main program.

--------------------------------- ------. - ------ ---

---- --- --- -----..----- ~------.
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Table I

Subprograms

NaeCalculations 1 Line No. of
Name calculations_ Accuracy Test

FNX (XX, PP, DD) Angle between kp and a-axis for PM 222
where

X7 - angle between kp and klt

PP a (see text)

DD a value of &k at PM (see text)

TNCPM (TCL, D) Noncritical PM angle 144

TCL - colinear PM angle

D m value of ,k at PM

PVAR (T, P, DD, E) Variation in for PM when e is 178
varied

T, P a PM angles ep, 0
DD = amount ep to Increased

E = value of cs

FDK (T, P) Ak
T, P a PM angles ee,

HWDK (L,T, Pp1) Width of k( ) V curve 281

L - length of crystal
T, P a PM angles

I - ndex to specify type of
variation in 0 to be performc.d

OUT Printout routine a-

FIN (,) Refractive index -

W ( wavelength of desired index

I - 1, 2, or 3 corresponding to x, y,
or optical axis

FNI (A) 1Refractive Index forbt ry
FN2 (A)" direction of propagation

FN A A angle between direction of
propagation and , axis

FN2C (Q) Refractive index squared for arbi-
FNC (Q) J trary direction of propagation

Q - sme u A In FYNi (A)
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I ~Table 2

Input Data Cards

N)ta Card Format Symbols
Number 

1
1 (12) N

2 (A5, 5X, 6F 10.1) ANAME, UL, LL, L, DL, DU, DD

3 (4F 10.4) AX, BX, CX, DX

4 (4F 10.4) AY, BY, CY, DY

5 (4F 10.4) AZ, BZ, CZ, DZ

Table 3
Definitions of Symbols

Symbol Definition Units

N Number of materials to be analyzed Integer

ANAME Name of material
UL, LL Upper and lower wavelength limits for Angstrom

transparency

L Length of crystal Centimeter

AX, BX, ... DZ Parameters for Sellmeler equation for in-
dexes corresponding to x, y, and z opti-
cal axes. (For uniaxial crystal z - ex-
traordinary polarization, x = y - ordinary
polarization.)

For each set of possible wavelengths, all polarization combinations are checked for a
possible PM process. The output is labeled "0 + 0 = E," etc. for (ordinary polariza-
tion) + (ordinary polarization) = (extraordinary polarization), etc. "Not Phasematchable"
is printed if an orientation cannot be found for phase-matched up-conversion. If up-
conversion at a given set of wavelengths Is phase matchable, then all the parameters
discussed in the previous section are calculated and printed (see Appendix B).

The functions of the various subprograms are listed in Table 1. In particular, the
function FNX (X, P, D) is more general than need be for this program. FNX will calcu-
late a PM angle for any orientation of k,, with respect to kp. In this case P is the
angle between the (kp, x-axis) plane and the (kzp, z-axis) plane, and X is the angle be-
tween kp and kzj,.

The various calculato is are iterated until a predetermined accuracy is reached.
The line numbers for the appropriate accuracy determining points in the program are
listed in Table 1.
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Appendix A

PROGRAM LISTING
PROGR.AM PHASMCM 06000100

DATA (UP.57.2957795).(0Nu.017453293).(CC.6.2S3I8E8),tC13I000.) 00000200
COMMON/1 /W i ,W2 tW3 /7/1N3/8,1N2,9/[NI/4/IX/1OPNC 00000300

2 /1/X.IEH2 w14EXW.EXW H6*FLI*FNL2 sPC I, P4C I. PC2 00000500

3 /5/HW1 ,I1W2.E/1"/AX.UX.CXd)X.AY.L3Y.CY.0Y.AZ.UZ.CZ.DZ/2/KI 00000600
'& /6/NXI.NX, .NX3.NYI.NY2.,NYJ.NZINZZ.NZ3 00000700

REAL LL.L..bd 0OOO0bOO

Q.tAL NXI.NXZ,NXJ.NY1.NY2.NY3,NLINZ2,NZ3 000c00900

PEAD 99.N 00001000

00 9 112I.N 00001t00

50 REAO I l0,ANA0E.UL.LLLtDL.DU.DDAX.0X.CX.OXAY.OYCY,0YtAZ.0Z4CZ, 00001200
I DZ 00001300

OLLK76.*2831 8/L 00001400

E-OELK/b. UU0001500
OFIK-.. -/ U 000 i600

I i lwI 0-0L). /00+. 00001700

DO 15 177 I.IZ1 00001800
ODD=DL+L:U*( I ZZ-1 1 00001900
PRINT 1C0,ANAMEoUL.LL.L 00002000

PRlINY 102.000 00002100
PRINT I01.E.DLLK.DELKK oozo

00 1 1-1.2 0000Z300

wI .6943. 00002400
IFtI.EO.2) WIs10600. 0000eb00
N~i 3FINfWI 00002600

tYI.F[N(W1 .2) 00002700

N~s F IN Io13) 00002800

W2=LL 00002900

GO TO 11 00003000
10 wi.w2-Z/8.00003100

IF')W2.LT*UL) GO TO 1 00003z00

II W3-./( 1./Wl+l./W2) 0000330

IF(WI GT.LL.0R.W1.LT.UL.0R.WZ.GT.LL.OR.W2.LT.UL.oR.w3.GT.LL.0R.w3 00003400
*LT.UL) GO TO 10 00U03500

NX2.- IN(Iw2. 1) 00003600

NY2zF INI W2 00003700

NZ2&FINIWZ.3) .,)0003800

NX3=FIN( WJ.1) )0003900

NZ3=FINIW3o3) 00004100

DIVDOD/I (NXI+NZI ),2.) 00004200
OuASINEIW2/W31'SIN(OIV +ASIN44W3/W2)*SIN(-OIV ))))*Cl 00004300

D0 4 K1.t6 00004400

IF(K.GT*3) GO TO 6 00004b00

3 1N3=2 00004600
INI.) 00004700

I N2.*1 00004800

IFIK.EO*2) INIS2 00004VO0

IF4K.EO.33 If 2-2 00005000

.Go T0 12 00005100
6 IN~ml00005400

IN) .2 00005J0

IN2w2 00005400
IPfK.EO.5) INISI 00005!200

IP(K.EO.6) IN2sI 00005600

12-1~ 00005700
TCLnuFNX(0*... .. ) 00005000

IF(IX.G F.Ii GO TO 5 00005900
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CALL HWOK(L#TCLeO.*4) 00006000
IF(IX.GT#1) GO TO 5 00006100
HWC I 3HW Cl 1 0006id0o
MWC2=HW2*Cl 00006300
FNUFN24 TCL) 00006400

FXHWlxASINS5IN(Nwl )*FN)*CI 00006500
EXHw2.ASIN(SINIH1W2)*FN) *C) 00006600
PCIMPVAR(TCL*O**DIV/2*o0.) 00006700
PC2-PVAR(TCLt..-OIV/2..0. 1 00000800
CALL fiWL*TCL+DIV/2..PC 1.6) 00006900
HwC3&mw2 00007000
CALL HWDKLTCL-IV.'2@.PCZ*5; 00007100
HWC~umwl 0007do0

Al .0IV/2**ASS(PCI+HWC3) 00007300
AZ* I V/2#+ AS C PC2.HwC4) 00007400
FNaFN2(CTCL) 00007300

FXWlwA8S(A9INCSIN( Al )*FN)+ASIN(SIN( A2 )*FN))*Cl 00007600
MWC3uH-WC3*Cl 00007700
HWC4*HWC4*C 1007o
FNLIR(Al+A2)4C1,D 00007800

0020. 00008000
7 rNCLUTNCPM(TCLoDO) 00008100

CALL 1W01CLTNCLsPNC.3) 00008200

HwNC1 uHw1*C1 00008300 i
HWNC2nHW2*C 1 00008400
FNSFN2 C NCL+PNC) 00008500

EXHW5xASINCSIN(HWI )*FN)*Cl 00008600
EXMW6&ASIN(SIN( HW2)*FN)*C1 000070
IF(J.CQ*2) GO TO 8 0000=800

CALL OUT 00008900 I
.1.2 00009000
O~mDELIK 00009100
TCLBFNXCO*O.*D.0) 00009200
GO TO?7 00009300

8 PNCIUPVAR*:TNCLoPN4CoDiV.oELK) 00009400
CALL HW~OKLTNCLOViPNClo3) 00009500
H wNC3U H w 00009600

HWNC&u HW2 00009700

FNOFN21CTNCL+PNC) 000098300

EX12ABS(ASIN(S1NI4WNC3)*FN)-ASIN(SIN(HWNCA)*FN))*CI 00009900

M.WNC3*HlWNC3*C I 00010000

li IzLNC4 HTRASCTTiS,0l3 00010100

4CONTINUE 00010400

2TGO IO 10.221 TELNT CRSA ISF1.,X3C/904A00010500
IL CONTINE ATHAGE AEINERES P..ALEAEMASED8T00010600
15 CN TNE Z-XSAO'I/34TLaCLNA HS AC NL 31 00010700

9 CLNNC TIA PAE ACHAGE/94NC*NLEETEN I1000 0600
62) FOR NNC1 IIA2../64 L )FITSAE NMLIAIN 00011600

777PHAS MATCH 1-ALESOT ARE DEIN S THGETAM ANGLV S M~ARE BETWEEN0 MAX. oooliio

SAND FIRST ZCRO/39H- HWNC a HALFWIDTH FOR NONCRITICAL P.M. ) 00011800
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102 FORMATI 68H PCI.PC2 PCI FOR TCL - TCL*OR-DIV/2. THE INTERNAL UIv00011900
IERGFNCE OF Wl / J1H P:t4CI PNC FOR TNCL a TNCL+D|V / 32H EW a EXTE00012000

PRNAL ANGULAR APERATURE / 32H R a NUMBER OF RESOLVEABLE LINES 00012100

349H EXTERNAL UIVERGENCE (FULL ANGLE) OF PUMP BEAM - .F6.4) 00012200

101 FORMAT(46H HWC AN. HWNC ARE MEASURED WITH TCL/TNCL FIXED /19H UELTOOOI2300

IA K IS WITHIN *F7.3915H I/CM. OF 2PI/L/H 2PI/L 8 *F7.3.SX.24H (ZP00012400

21/L)/K3 IS APPROX v eEIQ*3/46H KI.K2. AND K3 ARE COPLANER IN THE 400012500

3Y*Z) PLANE /37H E POLARIZATION IS IN THE (YZ) PLANE ,'41H 0 POLARI0012600
4ZATION IS OUT OF THE IY.Z) PLANE /69H FOR UNIAXIAL CRYSTALS THE Z-00012700
5AXIS a C-AXIS. NZ a NE. AND NX - NY - NO /26H * INDICATES DtLTA K 00012600

6 2P/L /56H WIsW2.W3 CORRESPOND TO PUMP. JR. ANO SIGNAL WAVELENGTOOOI2900

7HS /55H NX*NY.NZ ARE kEFRACTIvE INDICES FOR XYoZ OPTICAL AXIS //500013000

R9H ALL POSSIBLE UP-CONVERSION PROCESSES ARE LISTED BELOW ---- ////100013100
110 FORMATIAS95X,6FIO*1I/4FtO.4/4FI0.4/4FI0.4) 00013200

END 00013300

"FUNCTION TNCPM(TCL40D 00013400

COMMWION /10/P 00013500

TRTCL 00013600

0P=0.05 00013700

5 T|-FNXIDP,3.14159*O) 00013800

IF(TI.LT.T) GO TO 10 0001900

oPs-op 00014000

TIsFNXDP.3.I4159*D) 00014100

IFtTI.LT.T) GO TO 10 00014400
DPnDP/I0e 00014300

IF(ABS(oP).LT0000|) GO TO 21 00014400

GO TO 5 00014500

10 taT! 00014600

P=OP 00014700

14 TIUFNX(P+OP,3eI4159.D) 00014800

IF(Ti.LT.T) GO TO 12 00014900

POP*Do 00015000

DP--P/4. 00015100

IF(At3S(DP).LT.0.000I1 GO TO 20 00015i00

TalT 10015300

GO TO 14 J0015400

12 P=P+OP 00015500

TaT1 00015O00

GO TO 14 00015700

20 TNCPM=Tl 00015800

RETURN 00015Y00

21 TNCP.TJ 00016000

P=DP 00016100

RETURN 00016200

ENO 00016300

FUNCTION PVAR(T*P*OD.E) 00016400

COMMON/I/WI9W2ow3/2/Kl 00016500

REAL KI 00016600

D-.001 00016700

IF(DO.GT.O.0) 0-0 00016(00

PP P 00016900

TI =T D 00017000

KI6.2838ES*FI(TI)/WI 00017100

I PP=PP+D 00017200

2 XI=ABS(FDK(TI.PP)+E) 00017400

x2ABS(F0K(TI.PP+D)4E) 00017400

IFIX2*LT.XI) GO TO 1 O001ioo

PPwPP+D 00017600

0-0/5.0 00017700

______
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IF(AlBS(O)LT.E-S.) GO TO 10 
0070GO TO 2 0070

10 PVAR=PP 0001 7900
RETURN00018000

END 00018100
FNCTION FNX(XX.PoDD 000a8J00

DATA (Eal.E-6) 00018400
COMMON/I/WV1.w2,W

3  1411,JX 00018500
FK(OAI=OPT(FN(A)/])*Z+F2C4)/(W*W?-Z.PNIA)*00018600

1 SORTcFN2C(0))*C~x/cWI*W2)) 
0060

OODD/6.28318ES 000187oo

p~pp 00018800
X=XX 0001900

IF(XX.GT.0) GO TO 20 000191000
x=-x 00019100
P-1*I11'9274,PP 00019300

20 IK)X=IJx=O 0090

01AAS(XPXX)00019400
01PA8SXP) 00019500
C=COS(x 00019700
SXVSIN(x) 00019800
CXX-COS( 3.14 15927-Xk 00019900

CP~CS P)00020000
IF(P.L-T.O.0?.OP.R.Ge.1.57, RwO.07 00020100IF4I I.LT.100#*E) 012100.*E 

1)0020200IFtIR.GT.O. 1) 01.0.1000.0
IF(9.Eo.O.07, 01.0.1 G00'0400

I IKX=IKX+l O00e0b00
IF(IKX.GT.100, GO TO 5 

0000R0~R+o1 000Z0600
CRUCOS( RI 00020700

SPISSN~p)00020900
CPO-COSI RO) 000210900
SQ0=SIN(RDI 00021000
C 2n CR*CX~sR* sx'CP 000id1200
C5 cCR * CX.SRD *SX*CP 

0010Y 1 FK tC2. R) 000e14~tO
Y2=FK (CS .QD) 00i

C3-(FNI(R)/W1C~X*SQRT(NECC2)).
2 )/yj 0210

C
4
x(FN1(RO)/W1-CXX.SQRT(FN2C(C5)/W

2 )/Y2 00021700C6=CJ*CR+SR*S0RT(ABS( 1.-C3*C3) )*CP oo~oC
7
=C4*CRD.SRD*SQQT CA85 (1.-C4*C4 ) ICP 00021900va ASS(SORT(FNJC4C6I P/W3+D-YII 

Oe)~ZzABS(S0RT(FN3C4C7) )"W3+O-Y2)U~20
IF 4ABS(01,.LT. E I GO TO Z uooec! 10
IP(IKX.FQ.I) GO TO 10 00022300IF (Y.GT.ZI GO TO 3 000ecaoo
03 =-D 3.'O 

00022500
R=P-10*1000OZ600

GO TO I 
oo20

3 P-R+Dl 
(oooc2ooIF(R.LT.O.o.QR.W.GE.I.6 IGo TU 12 O004OO0

GO TO I 
ore.30oo2 FNX=R 

00,023100IF(C6.LT.O.I [JX=2l 
000i.2200

RE TURN 
OO0k30OO

10 lFtZ.GT:Y) DI=-Dl 
OO'i3400IF(Z-T-Y) O TO000oo3400o
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12 IF(I.JX.GT.0) GO TO 6 Ooio

14 IJX.1 000 :4doo
R00.07 0002. too
0100.1U0410
IKX*1 00024100
GO TO I QQ044kOO

RsQ.O 0024400

RETUJRN U0044!zQ
5 F41.JXoGT*O) GO TO 6 00OA70

GO TO 14 00094700

I JX=2 000,e4900

144 FORMATC 101 FNX ER~ROR .5X*3HX F*bX3P F94!*H 9V.)OclO

RETURN '00cj00

END ooo0e5"oo
FUNCTION FDKiTqP) 0050
COMMON /1/WI*W2sW3/2/K1 00025500
REAL K2#K2SoK2C*K39K1 00025600

DATA (CC1S.28318E8) 00025700

K2nC14PN2(TP )/ 2 000&5600
K2S.IK2*SIN(P) 00045yO0
K2CuI(2*COS (P UO06000
P38ATANK2S/fI1+K2C)) 00026100

TOUR O0e64OO

EONOD 00026500
20 IF(OVT.O.) 60 (LTPI 25 OO6bo0

REALo~ I*2K 0004670o
DATA OCa.81E)0028dC0

25 m V *28aV 00029100

30 1XU 1 00027300

31 PRNTo 0,.PL 000el94z00

IF00D F0RATCF1 .21GOTO1 0002900
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RETURN 0o0o96O0
END 000 ev700
SUBROUTINE OUT Oook9b0O
COMMON/I/WI .W2.W3 /4/IX/10j'PN O'vvOo
I/11I/K.TC.TNCHWIMW2,iHWNIWN2.WJHW4HWNJ-WN4U.J.)V 00040000
2/1 Z/EHW ILW.EXWI EXW2EHWb.EH6.FNL I NLZ ,LI HN1I-I PL2 00040I00
3 /6/NXINX2.NXZ.NY1I.NY2,NY3.NZI.NZ2.NZ3 000J0400
PEAL NXI .NX2.NX34NYI .NY2,NY34NZI .NZ2,NZ3 00030400
DATA (uP-57.2957795)*cON-.017453293I 00040400
IF(I(.GT.1.OR*J.GT.1) GO TO 5 OOOJO Oo

DI VnV* 1000.,2WX.X*XoY.Y2NJNINcNJQ.I QuO-)obO0
I PRINT 100.W1.2w.X..xY.y.Y.Z.~,~.L.d 000J0700
5 IFUIX.GT.I) GO TO 10 OuoOJ0boo

TCL= TC*UP 000900
PCI=PCL I*UP 00041000
PC22PCL2*UP 00031100
TNCL. TNC*UP 00041200
PNC-PN*UP 00041400
PNC I-PNCL I *IP 000-'1400
IF(J.EO.Z) GO TO 3 ooo0j1! 0

GO TO (11.12913*14*15,16,IK OO041600

11 PRINT 11.C.W.W.HI~E.eTCoN*WIHNo:WiL~ 00041700
RETURN 00041800

12 PRINT I2O.TCL.HW1.HW2.EHWI,LMW.TNCLPNC.WNI.H't2,EHW54LHW6 00041900
RETURN 00032000

13 PRINT 130,TCL.HW1.HW2.EHWI.EHW2,TNCL.PNC.HMNI.HWN2.ENWb.I-HWb O0je0oo
RETURN OOjeejo

14 PRINT 14*TCL.HWI.HW2.EWI1.W2,TNCL.PNE.HWNI.HaN.t:H~t:.LHw6 0004jejoo
RETURN 0OO4jO0o

15 PRINT 15O.TCL.HW1,HW2.EHW1.EH*2.TNCL.PNC.HWNI.HWN2,EH~t.A-HWO 0000o
RETURN 00042600
6PP:NT 160.TCLNWI,HW2.EHWI.EHW2.TNCL.PNC#HWN1.MWNe.EMW5.LHWb OO04e7O0

RETURN 0004boo
10 GO TO (Z1,22,23.24*25.26).K 00042900
21 PRINT 2;0 00044000

RE TURN 0U044i00
22 PRINT O220dO

IRE TURN20ujjo
23 PRINT 230 0004J400

PET URN O0jab00
RETURN 00043700

2PRINT 250 0003300

RETURN 000J4100
3PRINT 1704 TNCL.PNC*HWNI.HWNe.Lt-H~b.LMW6 000.4200
PRINT 200.PC1.PC2,NW3.HW4.EXW1.FNLIPN1,*HN3.HWN4.XWi2.FNL.2 00044400
IF4K.EO.61 GO TO 4 00044400
RETURN oOOj*boO

4PRINT 300 OOOJs46oO
RETURN 00044700

10FORMAT(6H Wl a F110.2.10(.bHW2 - *FIO.d.ICX.!DHw3 = FjO.&*I0X/jd6HOOO.34C0O

1 NX = *FIO.4.9X)/3(6H NY x #FIO.449X1/3(bH NZ - %F]Q.4.9X)I// 000449 00
25X* 35HINTERNAL RESOLUTION LIMIT (MRAV) = *F7.4. 00035000
3 5X* 16HINTERNAL DIV. = .F6.4//) 00035100

110 FOPMAT(9H O+0=E--- s7H TCL =.F7#4.?Xo6HHWC - .4F6.I.2X.7HTh;CL s .000352004

I F7.4.2X.6HPNC *F7.412X.7HH-WNC - .4F6-1) 00035100
120 FORMAT(9H E+0-E---97H TCL * F7.4.2X.6HHWC .4F6.I.2(.7H-TNCL a.0004S400
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I F7o4o2X%6HPNC F F4,c.7HiiN(. a .4F-6. I (.,O05toC
130 FORMAT(9M 0,ESL --- 4Hi TCLI PF7%4*2X.8HHiW% a %4Fb.Is4Xo7bTNCL - *CCQ-5CUo0

I 7*4t2X,6HPNC a F7.4,2x.P..v4WNC a AF6.1) 0003S700
140 FOPMAT(gH E4EnO--- s7H T~l- w * F7 C. 2X~bH4NWC a %4Ff.J.i,lX.7-TNCL - .0)0ibOO

I F?.4*2X*6HPNC m % 7.''PX97NMWkNC a 000I4 OO5900

150 FORMAT(9H O+EOO---*.7H TCL a .F'y&',2Xv6kHiWC - .4F6.1.2X,7HTNCL 2 .0O-i6000

I F7*4*2Xs6HPNC. m % F7*4o2X.7HH:NC A:F6-1 00046100
160 FORMATt9H Z4OmO--- 7H4 TCL u * F7*4qdX DMC - *4Fba1..X.7r1TNCL .UCC-'6c0

17 ORMAT(9H 4 4A- 1 7H-TNZC = oQOOJ46'00
I 742, Vr 7,l%2X*?HHiWNC. a .P6.1) o00j6t)cC* I 200 F0QA0ix.54PC1 u.V7.4o&M PC2 SoW *4.5H HW m.F.l LWd.bo 00046600

1 3H r~5:7 PNCi w*F7.A45%H 
14W 3,9I-6,.4H EW*Fb.I.3H Q.F6.1)00046?00

210 fOkm-t9h +a--1,~M* NOT PHIASL MATCHAtiLt ** )000b00 j
220 FORMAT(9H E-+0aI--- %10X*26H*** NOT PHA5L MATCI4AULL ** U0046*400
230 FORMAT (9H *E-E --- o I0X *203m*** NUT PI-i45:. MATCMALLM.4* QOOJ7000
24 0 F13RMAT19H L-10 --- o1011, 2,B** 4 NOT PMIASt- M1ATCN111bLL ** 004j7100
250 FORMATC9M Q+EK.O--- *10X.2OM*** NOT P ,i MAT(. HACJLE (** 000j70OO
260 F0RMAT(9H E.Ow0,---sl0Xv2aH*41* NOT P ASE MATCHAbLE *1** //49(aM *)00047400

1 C0047400
304) FRMAT(//30(3H *1//I 00037500

ENO UUOJ7600

FQ ftCTtuN FINIWal) 000.,7700
COM4MON. I3/AX.bXCX.OXqAY,8Y.0Y.O.fAZBZ.Cl.0Z 00047*O0

000470OO

GO TO (11,23)ol 000i8000

I F INSSORTf(AX+BX' IX-CX)-X* 00OJ3d1OO
RETURN o0Oj~eoO

2FINGSORT(AY+BY/(X-CY)-DV*X) 00038,300

RLTURN UO80
3 IN3SOP,(;AZIZj(X-CZ)I-,;*XI 004juto0

END 000JU700

4/6/NX1.NX2 X3NYl:NY2sNY3*NZ1iNZ2oNZ3 00049000

REAL NINZ1X3NIN2N3NIN2N30090

2 N1U1./$QRT(CCS(A)/NY)**2*(SIN(A)/NZI)**ZI 00049300

RETURN 0090

FUNCTION FN2(A) uo~o
COMMON .0I/W1.W2sW3/8/1N2 0090
4 /6/NX11 NX2,NX3,NYl.NY2,NY3,NZ1,NZ2,NZ3 00040000
REAL NX1,'.X2.NX3.NYINY2.NY3,NL~qNZZNZ3 00040100

GO TO (1*27..1N2 00040400
I PN20NX2 00040300
RETURN 00040400

2 FN2a1./50TU(C0S(A)NY2)**2+(SIN(A)/NZ2)0*2) 00040500
RETURN 00C0600
END 00040700
FWNCTION FN3IA) 00040csOO
COMMON /I/W1.'WZvw3/7/IN3 00040900o
4 ,/6NXINX2,NX3,NY1,NY.O.NY3.NZI.NZ2.NZ3 00041000
REAL NXINX2,NX3,NYlqNY2.NY3.NZ1,NZ2,NZ3 00041100
GO TO (1#Z)*1N3 000414~00

I FN3*NX3 00041300
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RE TURN 0004 1400
2 FN321..5ORT((COS(A,'NY3)**Z+(SIN(A)/NZ3)*02) 00041500

RETURN 00041600

END 00041700

FUNCTION FN2C(Q) 0O41000

COMMON /1/WI .W2.W3/U/1N2 OO041y00

" /6/NXI ,NX2,NX3,NYI .NY2.NY3.NZI .NZ2.NZ3 0004Z000
REAL NXI.NX2,NX3,NYliNY2.NY3.NZI.NZ2,NZ3 0004Z100

GO TO (l.2)t1N2 00042200

1 FN2CaNX2*NX2 0004240

RETURN 00042400

2 FN2C.1./((Q/NY2)**2+4(.-Q*QI/NZ2**2) 0004i 500

RETURN 00042600A
END oo04k70o

FUNCTION FN3C(O) 00042000

COMMON /I/lql9W2qW3/7/1N3 0004k900

" /6/NXtNXC2.NX3,NYINY2,NY3,NZINZ2.NZ3 0004-3000k
REAL NX1qNXZ.NX3,NYINY2,NY3.NZINZ2,NZJ 00043100

GO TO CI.21,INJ 00043200t

I FN3C-NX3*NX3 0004340

RE TURN 00043400

2 FN3CsI./(CO/NY3)4*2e(I.-0*OI/NZ3**2) 00043500

PEUVRN 00043600

END 00043700
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